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S U M M A R Y
Tuberculosis (TB) remains a major global public health problem, with 1.5 million deaths annually
worldwide. One in ﬁve cases of TB present as extrapulmonary TB (EPTB), posing major diagnostic and
management challenges. Mycobacterium tuberculosis adapts to a quiescent physiological state and is
notable for its complex interaction with the host, producing poorly understood disease states ranging
from latent infection to active clinical disease. New tools in the diagnostic armamentarium are urgently
required for the rapid diagnosis of TB and monitoring of TB treatments, and to gain new insights into
pathogenesis. The typical and atypical imaging features of EPTB are reviewed herein, and the roles of
several imaging modalities for the diagnosis and management of EPTB are discussed.
 2016 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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creativecommons.org/licenses/by-nc-nd/4.0/).as extrapulmonary TB (EPTB), posing major diagnostic and
management challenges. The accurate diagnosis of active pulmo-
nary TB may be challenging in patients without any microbiolog-
ical evidence of the presence of Mycobacterium tuberculosis in
sputum samples. The tuberculin skin test (TST) or serum
interferon-gamma release assays (IGRAs) can determine TB
exposure in such patients, but cannot differentiate between active
and latent disease. Culture remains the gold standard, but it can
take up to 8–10 weeks for results, and it has been noted that the
sensitivity is variable depending on the host and site. Blood
culture, urine culture, and the culture of other body ﬂuids mainly
aid in the diagnosis.
The most frequent sites of EPTB include the lymph nodes,
peritoneum, and the ileocaecal, hepatosplenic, genitourinary,
central nervous system (CNS), and musculoskeletal regions;
multisystem involvement is common.
Population groups with an increased risk of TB include
immunocompromised individuals (AIDS, lymphoma, leukaemia,
post-organ transplant), diabetics, children, the elderly, alcoholics,
persons with a low socio-economic status, persons with poor
compliance, immigrants from developing countries, prisoners,
nursing home residents, health care workers, and the homeless.1–3ulmonary tuberculosis. Int J Infect Dis (2017), http://dx.doi.org/
ious Diseases. This is an open access article under the CC BY-NC-ND license (http://
Table 1
Comparison of CT, MRI, and 18F-FDG PET–CT in diagnosing EPTB
CT MRI 18F-FDG PET–CT
Anatomy Yes Yes Yes
Functionality No No No
Radiation burden Yes No Yes
Treatment response Yes (size-based) Yes (size-based) Both anatomical and functional
Protocol Regional Regional Whole body image in single setting
CNS EPTB Inferior to MRI Superior image quality Fewer lesions detected depending on resolution or
if the patient is on steroids
Musculoskeletal TB Inferior to MRI Modality of choice Assessing disease burden and response assessment
Abdominal TB and lymphadenopathy Modality of choice - Response assessment and disease burden
CT, computed tomography; MRI, magnetic resonance imaging; 18F-FDG PET–CT, 18F-ﬂuorodeoxyglucose positron emission tomography–computed tomography; EPTB,
extrapulmonary tuberculosis; CNS, central nervous system.
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but also in European countries. Hence TB remains an important
cause of morbidity and mortality worldwide.4,5
In this mix of risk factors, multidrug-resistant (MDR)-TB
continues to ﬂourish. MDR-TB requires the prolonged administra-
tion of toxic second-line drugs, associated with higher morbidity
and mortality rates. Patients also remain infectious for a longer
period once treatment has been started. A new strain of extensively
drug-resistant (XDR)-TB is evolving; this MDR strain is also
resistant to second-line drugs including any ﬂuoroquinolone and
at least one of three injectable drugs (capreomycin, kanamycin,
and amikacin). Despite the enormous burden of disease, current
diagnostics are still woefully inadequate to meet research and
clinical needs.
Radiological investigations play a crucial role in the early and
correct identiﬁcation of EPTB. Imaging modalities of choice are
computed tomography (CT; lymphadenopathy and abdominal TB)
and magnetic resonance imaging (MRI; CNS and musculoskeletal
TB). MRI is also indicated in paediatric or pregnant patients, in
whom radiation is to be avoided. In addition, bone scanning is
performed in skeletal TB and 18F-ﬂuorodeoxyglucose (FDG)
positron emission tomography–computed tomography (PET–CT)
in the assessment of the extent of disease and in monitoring the
response to treatment. TB demonstrates a variety of clinical and
radiological features depending on the organ site involved and has
a known propensity for dissemination from its primary site. Thus,
TB can mimic a number of other disease entities, and it is important
to be familiar with the various radiological features of TB.
The imaging ﬁndings of EPTB and their relevance in the present
scenario are illustrated herein. Familiarity with these imaging
ﬁndings helps in early diagnosis, initiation of therapy, and
monitoring of patients on treatment (Table 1).Figure 1. Case of tubercular lymphadenopathy. (A) Transaxial 18F-FDG PET–CT demons
revealing multiple mediastinal lymph nodes with an SUVmax of 9.9 in the right lower para
necrosis. The advised site for biopsy was the right supraclavicular lymph node; histopat
Please cite this article in press as: Gambhir S, et al. Imaging in extrap
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A PubMed search for relevant articles discussing the role of
imaging in EPTB was performed.
2.1. Tuberculous lymphadenopathy
Also known as scrofula, tuberculous lymphadenopathy is a
common form of EPTB seen in endemic populations as well as
immunocompromised patients in developed nations. The most
commonly affected lymph nodes, in decreasing order, are the
cervical (63%), mediastinal (27%), and axillary (8–10%) nodes. Most
cases present as unilateral cervical lymphadenopathy.
With regard to imaging features, imaging alone cannot
distinguish between the causes of lymphadenopathy.
2.1.1. Ultrasonography
Nodal matting with surrounding oedema is seen. Doppler
studies may reveal increased vascularity, mostly at the hilum. This
feature allows differentiation from malignant lymph nodes, which
show peripheral vascularity.6
2.1.2. CT and MRI
The lymph nodes are usually matted. However, density depends
on the amount of caseation, which increases with time.7
2.1.3. 18F-FDG PET–CT
18F-FDG PET–CT may show peripheral uptake and central
hypometabolism, depending on the amount of caseation. 18F-FDG
PET–CT has the advantage of identifying all affected lymph node
groups within a single setting and allows the selection of the lymph
node group most suitable for biopsy (Figure 1).trating a right supraclavicular lymph node with an SUVmax of 5.7. (B) Coronal slice
tracheal region. Hypometabolic areas noted in the nodes are suggestive of caseation/
hology subsequently revealed TB. (SUVmax, maximum standardized uptake value.).
ulmonary tuberculosis. Int J Infect Dis (2017), http://dx.doi.org/
S. Gambhir et al. / International Journal of Infectious Diseases xxx (2017) xxx–xxx 3
G Model
IJID-2766; No. of Pages 112.2. Abdominal tuberculosis
Abdominal TB may occur directly, as in the case of primary
pulmonary TB, or indirectly, via spread from the primary. It
generally affects the following organs: lymph nodes, peritoneum,
ileocaecal junction, colon, liver, spleen, and adrenal glands.
Solid viscera are affected to a greater extent than the
gastrointestinal tract. CT is the mainstay for investigating possible
abdominal TB; however, knowledge of other imaging modalities,
such as barium enema examination, is important to avoid
misdiagnosis in cases in which TB is not initially suspected.
2.3. Abdominal lymphadenopathy
Abdominal lymphadenopathy is the most common manifesta-
tion of abdominal TB, seen in 55–66% of patients.8 On CT, the nodes
are usually matted, appearing in groups, with mild fat stranding
and a hypoattenuating centre, with or without calciﬁcation. 18F-
FDG PET–CT shows increased metabolic activity in the nodes and
plays a role in the assessment of the response to treatment.
2.4. Peritoneal tuberculosis
Peritoneal TB affects one-third of patients and is one of the most
common manifestations of abdominal TB. Subdivision into wet,
ﬁbrotic, and dry types has been proposed.9 On imaging, there may
be signiﬁcant overlap between the three. The wet type manifests in
more than 90% of patients and has a high protein and cellular
content, leading to high-attenuating pockets of loculated ﬂuid or
free ascites. The Hounsﬁeld unit (HU) ranges from 20 to 45. The dry
type appears as cake-like omentum with ﬁbrous adhesions and
mesenteric thickening. The ﬁbrotic type presents as omental or
mesenteric masses.
The main imaging differential diagnoses are malignancy and
peritoneal carcinomatosis.10
2.5. Gastrointestinal tract tuberculosis
Due to the abundance of lymphoid tissue, the ileocaecal
junction (90%) is one of the most common sites of involvement in
the bowel.8,9 The presentation may be ulcerative, hypertrophic, or
ulcerohypertrophic.11,12
2.5.1. Barium studies
In the early stages, narrowing of the terminal ileum, thickening
and gaping of the ileocaecal valve, and thickening and hypermo-
tility of the caecum are noted. In the chronic stages, the ileocaecal
valve appears ﬁxed, rigid, and incompetent, while the caecum
appears shrunken in size. In the later stages, a ‘pulled-up’ caecum is
usually noted.
2.5.2. CT
On CT, circumferential wall thickening of the terminal ileum
and caecum is noted, usually in association with mesenteric
lymphadenopathy. The differential diagnosis includes Crohn’s
disease, carcinoma, and lymphomatous involvement.
Involvement of the oesophagus, stomach, duodenum, and small
bowel is still rare. Oesophageal TB is mainly from the carinal lymph
nodes. Small bowel TB may present as mucosal thickening. The
antrum and distal body are the most commonly affected sites in the
stomach. The presence of a ﬁstula or a sinus conﬁrms the diagnosis.
2.6. Hepatosplenic tuberculosis
Hepatosplenic TB may present as miliary or macronodular
involvement. The lesions are hypoattenuating on CT and may showPlease cite this article in press as: Gambhir S, et al. Imaging in extrap
10.1016/j.ijid.2016.11.003peripheral post-contrast enhancement. The most common route of
involvement is haematogenous, either through the hepatic artery
in military TB or through the portal vein from gastrointestinal
lesions. Macronodular involvement is less frequent and is
manifested by single or multiple focal density lesions, with or
without peripheral rim enhancement.
On MRI, macronodular lesions appear hypointense on T1-
weighted images and hypo to hyperintense on T2-weighted
images, with thin peripheral and/or internal septal enhancement.
The differential diagnosis includes fungal infections, sarcoido-
sis, lymphoma, and, rarely, metastasis.
2.7. Adrenal tuberculosis
The adrenal glands are the most common endocrine glands
involved by TB. The spread is predominantly via the haemato-
genous route and may be unilateral or bilateral, with central areas
of caseation. Involvement of the adrenal cortex may lead to
primary adrenal insufﬁciency, and where more than 90% of the
cortex is involved, a life-threatening addisonian crisis may ensue.13
In the early stages, smooth enlargement of the gland with low-
density areas and relative central hypoenhancement is noted on
CT.14 In the later stages and/or in previously treated patients, gland
atrophy with punctate, localized, or diffuse calciﬁcation is
observed.
The MRI features are analogous to the CT appearances except
for limitations when calciﬁcation is present. 18F-FDG PET–CT
shows increased metabolic activity in the adrenals in TB or any
infection. Often this may be an incidental ﬁnding on PET–CT done
for another diagnosis. The gland may show diffuse or patchy
uptake on 18F-FDG images.
2.8. Genitourinary tuberculosis
TB may involve the genitourinary tract as a secondary site
following haematogenous dissemination from the lungs.15
2.9. Renal tuberculosis
TB at these sites accounts for 15–20% of cases of EPTB.16
Two morphological appearances are seen routinely: pyelonephritis
or a pseudotumoural type presenting as single or multiple
nodules.
The collecting system is involved in isolation or due to
contiguous spread from the parenchyma. In the early stages,
papillary necrosis resulting in uneven caliectasis is noted.
Hydronephrosis and multifocal strictures with mural thickening
and enhancement are observed in progressive disease. Progressive
hydronephrosis and parenchymal thinning with dystrophic
calciﬁcation are noted in end-stage disease.
2.9.1. Plain radiography
On plain radiographs, foci of calciﬁcation are noted in 25–45% of
patients.17 Triangular ring-like calciﬁcation in the collecting
system is observed in cases of papillary necrosis. Amorphous
focal ground glass-like calciﬁcation (putty kidney) is seen in end-
stage disease.18
2.9.2. Intravenous urography
Plain ﬁlm intravenous urography is quite sensitive in detecting
renal TB:19 only 10–15% of those affected have normal imaging. A
range of ﬁndings may be observed, including parenchymal scars
(50%), moth-eaten calyces due to necrotizing papillitis, irregular
caliectasis, phantom calyx, and hydronephrosis. Lower urinary
tract signs include the ‘Kerr kink’, which occurs due to abrupt
narrowing at the pelviureteric junction.20ulmonary tuberculosis. Int J Infect Dis (2017), http://dx.doi.org/
Figure 2. Case of tubercular pyelonephritis. (A) Coronal fused 18F-FDG PET–CT images showing two lesions in the middle and the lower pole of the left kidney. (B) Maximum
intensity projection image revealing two foci in the left kidney with no other lesion detected elsewhere in the body.
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In early-stage disease, ultrasonography may show an irregular
cortical outline with calciﬁcation. As the disease progresses,
papillary destruction with echogenic masses and distorted renal
parenchyma can be observed. In end-stage disease, heavy
dystrophic calciﬁcation with a small shrunken kidney is noted.
Ultrasonography is less sensitive in detecting isoechoic masses
and small calciﬁcations and in identifying small cavities commu-
nicating with the collecting system.
2.9.4. CT and MRI
CT intravenous pyelography is most sensitive in identifying all
manifestations of renal TB. Depending on the site of the stricture,
various patterns of hydronephrosis may be seen, including focal
caliectasis, caliectasis without pelvic dilatation, and generalized
hydronephrosis. Other common ﬁndings include parenchymal
scarring and low-attenuation parenchymal lesions. CT is also
useful in depicting the extension of disease into the extrarenal
space.21,22
The radiological differential diagnosis of renal TB includes other
causes of papillary necrosis, transitional cell carcinoma, and other
infections. 18F-FDG PET–CT may be used to evaluate renal masses
(Figure 2), to identify latent or active TB in the lung, or to monitor
therapy.
2.10. Ureteric tuberculosis
2.10.1. Intravenous urography
In the chronic state, beaded areas due to alternate strictures and
dilatation are noted.Figure 3. 18F-FDG-avid lesion in the right adnexa (SUVmax 4.4). (SUVmax, maximum
standardized uptake value).
Please cite this article in press as: Gambhir S, et al. Imaging in extrap
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Ureteral wall thickening is observed in the acute setting. In
chronic disease, strictures and shortening of the ureter, leading to
pipe stem ureter, are noted.
2.11. Urinary bladder tuberculosis
Urinary bladder involvement is secondary to the descending
spread of infection along the urinary tract.22 An irregular wall
with a small capacity bladder is noted. Fibrotic changes at the
ureteric oriﬁces lead to vesicoureteric reﬂux and hydroureter-
onephrosis.23
2.12. Female genital organs
Involvement of the genital organs occurs in 1.5% of females
affected with TB. Spread may be via the haematogenous or
lymphatic route. On hysterosalpingography, obstruction is usually
noted at the junction of the isthmus and the ampulla.24,25 A beaded
appearance is seen due to multiple constrictions. A normal uterine
cavity may be observed in more than 50% of cases. A further
possible presentation is as an irregular ﬁlling defect with uterine
synechiae and shrunken cavity (3–18% of cases). Lesions may show
uptake on 18F-FDG PET–CT (Figure 3).
2.13. Male genital organs
Involvement of the genital organs in males is generally
conﬁned to the seminal vesicles or prostate gland, with
occasional calciﬁcation (10% of cases). The testes and epididy-
mides are rarely involved. Hypoattenuating lesions are noted on
contrast-enhanced CT, likely representing foci of caseous
necrosis. Non-tuberculous pyogenic prostatic abscesses have a
similar CT appearance.22 The spread is haematogenous and self-
limiting. Ultrasonography shows focal or diffuse areas of
decreased echogenicity; however, these ﬁndings are very non-
speciﬁc.23,26
2.14. Musculoskeletal tuberculosis
Musculoskeletal TB accounts for about 3% of all TB
infections. The main route of spread is haematogenous, from
lungs, or via activation of dormant infection in bone or joint
post-trauma.27 Cases of musculoskeletal TB are usually sub-
classiﬁed as tubercular spondylitis (50%) (popularly called
Potts’ spine), peripheral tuberculous arthritis (60%), osteomye-
litis (38%), and soft tissue TB, including tenosynovitis and
bursitis.28–30ulmonary tuberculosis. Int J Infect Dis (2017), http://dx.doi.org/
Figure 4. (A) and (B) 99mTc-MDP bone scan (anterior and posterior views) revealing increased tracer uptake in L3–4 vertebrae; (C) and (D) with soft tissue component noted on
SPECT-CT and CT images. (99mTc-MDP, 99m-technetium methylene diphosphonate; SPECT, single-photon emission computed tomography; CT, computed tomography).
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The disease spread is via the venous plexus of Batson. The most
commonly affected vertebrae are the lower thoracic and upper
lumbar. The vertebral body is involved to a greater extent than the
posterior elements, and the classical presentation is involvement
of two or more contiguous vertebrae, with or without para-
vertebral abscess. The presence of calciﬁcation, which may
sometimes be absent, almost conﬁrms the diagnosis. In cases of
anterior subligamentous involvement, the infection spreads
inferiorly or superiorly without vertebral disc involvement.
2.15.1. Plain radiography
Potential early changes include irregular end-plates and a
decrease in vertebral height. Sharp angulation or gibbus deformity
is noted, with anterior wedging or collapse. The displacement of
paraspinal lines suggestive of psoas involvement may be noted.
The calciﬁed psoas is suggestive of an abscess.
Spinal TB might lead to vertebra plana where there is a
reduction in anterior and posterior height, preserved interverte-
bral disc, and some forms of vertebral end-plate change.
2.15.2. Ultrasonography
Ultrasonography is usually helpful in identifying iliopsoas
abscess and its percutaneous drainage.
2.15.3. CT
Cross-sectional imaging is required to better establish the
extent of vertebral involvement and the possible presence of a
paravertebral abscess.
2.15.4. MRI
MRI is the gold standard investigation for tubercular
spondylitis. MRI helps to identify the presence of an epidural
component and cord compression. An early ﬁnding is focal T2
hyperintense and T1 hypointense bone marrow oedema in the
anterior part of vertebral body adjacent to the end-plates, with
patchy post-contrast enhancement. An abnormal T2 hyperin-
tense signal is noted in the involved disc space, with reduced
height. Multifocal TB, compression of the spinal cord, abnormalPlease cite this article in press as: Gambhir S, et al. Imaging in extrap
10.1016/j.ijid.2016.11.003T2 hyperintense signal in the spinal cord, and neural foraminal
and neural compromise secondary to epidural collections are
well demonstrated on MRI. MRI may also demonstrate the
complete extent of an iliopsoas or paraspinal abscess. Small foci
of involvement of posterior elements are better observed on MRI
than CT.31–33
2.15.5. Bone scintigraphy
A 99mTc-methylene diphosphonate bone scan may identify
multifocal sites and can sometimes be used to rule out metastasis
suggested by the involvement of multiple contiguous vertebrae
(Figure 4).
2.15.6. 18F-FDG PET–CT
18F-FDG PET–CT may show increased uptake in tubercular
spondylitis, with the identiﬁcation of multiple sites, and offers
further help in monitoring the response to treatment34,35
(Figures 5 and 6).
2.16. Tubercular arthritis
Tubercular arthritis is the most common extra-axial form of
musculoskeletal TB. It is monoarticular in 90% of cases, commonly
affecting the large weight-bearing joints such as the hip and
knee.36,37 Less commonly it involves the shoulder, elbow, and
sacroiliac joints. Peri-articular osteoporosis, peripherally located
osseous erosion, and progressive decrease in the joint space suggest
the diagnosis of TB and are popularly referred to as the ‘Phemister
triad’. In the later stages, ﬁbrosing ankylosis ensues.37–39 Atrophic
changes in bones may occur and lead to atrophic arthropathy,
especially in the shoulder joint.
2.16.1. Ultrasonography
Ultrasonography mainly helps in identifying joint effusion,
although the appearances are non-speciﬁc.
2.16.2. CT
CT helps to establish the degree of bone destruction. Seques-
trum or sinus formation can be demonstrated on post-contrast
scan.ulmonary tuberculosis. Int J Infect Dis (2017), http://dx.doi.org/
Figure 5. Case of cervical spondylitis. Pre-treatment 18F-FDG PET–CT: (A) sagittal view; (C) coronal view; (E) MIP, showing contiguous involvement of the C3/C4 vertebrae
with a paravertebral component and an SUVmax of 4.4. The corresponding post-treatment PET–CT after 6 months: (B), (D), and (F), showing a complete metabolic response.
(MIP, maximum intensity projection; SUVmax, maximum standardized uptake value).
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Lesions are usually T1 hyperintense and T2 hypointense and
show brilliant post-gadolinium enhancement, which is a result of
blood degradation products and inﬂammation. Sinus tracts appear
as linear T2 hyperintensity with marginal ‘tram track enhance-
ment’.28,37
2.17. Tubercular osteomyelitis
Tubercular osteomyelitis is most commonly seen in bones of
the extremities (femur, tibia), including the small bones of the
hands and feet (Figures 7 and 8), often involving the epiphyses. In
children, metaphyseal foci can involve the growth plate, a feature
that differentiates TB from pyogenic infection.40 Radiologically,
foci of osteolysis with varying degrees of eburnation and periostitis
are observed.
2.18. Tubercular dactylitis
Tuberculous dactylitis, in which there is painless involvement
of the short tubular bones of the hands and feet, is more common in
children. At radiography, pronounced fusiform soft tissue swelling
with or without periostitis is the most common ﬁnding.41,42
2.19. CNS tuberculosis
The spread is either haematogenous, or by direct extension
from local infection, such as tuberculous otomastoiditis. CNS TB
accounts for 1% of all TB and 10–15% of EPTB. It is a leading cause of
morbidity and mortality in endemic regions.43,44
Manifestations of cranial TB include (1) extra-axial: tubercular
leptomeningitis and tubercular pachymeningitis, (2) intra-axial:
tuberculoma, focal cerebritis, tubercular abscess, tubercular
rhomboencephalitis, and tubercular encephalopathy.Please cite this article in press as: Gambhir S, et al. Imaging in extrap
10.1016/j.ijid.2016.11.0032.20. Tubercular leptomeningitis
Tubercular leptomeningitis (TBM) is more common than
pachymeningitis. It presents with thick tuberculous exudate in
the base of the brain in the subarachnoid space, the most common
location being the interpeduncular fossa. Extension to the surface
of the cerebral hemispheres is rare.
Cerebrospinal ﬂuid (CSF) ﬂow may be disrupted, leading to
obstructive hydrocephalus or communicating hydrocephalus due
to obstruction in the basal cisterns. Ischemic infarcts due to
arteritis are also noted. In addition, involvement of the cranial
nerves may be observed, with the second, third, fourth, and
seventh most frequently affected.45–47
On MRI, abnormal meningeal enhancement is noted. The
magnetization transfer (MT) technique is reported to be superior in
differentiating TBM from other causes of meningitis. The meninges
appear hyperintense on pre-contrast T1-weighted MT images and
enhance further on post-contrast T1-weighted MT images. The MT
ratio in TBM is signiﬁcantly higher than in viral meningitis, while
fungal and pyogenic meningitis show a higher MT ratio compared
with TBM.48
2.21. Tubercular pachymeningitis
Tubercular pachymeningitis is rare and is characterized by
plaque-like regions of pachymeningeal enhancement that appear
hyperdense on plain CT scan, isointense to brain on T1-weighted
imaging, and isointense to hypointense on T2-weighted imaging.
Homogeneous post-contrast scan enhancement is noted.
2.22. Tuberculoma
Lesions may be solitary, multiple, or miliary. The most
commonly affected areas are the frontal and parietal lobes.ulmonary tuberculosis. Int J Infect Dis (2017), http://dx.doi.org/
Figure 6. Case of tubercular spondylitis. Pre-treatment scans: (A) sagittal 18F-FDG PET–CT and (C) MIP; (B) CT showing disco-vertebral changes with partial collapse in
multiple dorsal lumbar vertebrae. Post-treatment scans: (D), (E), (F) showing near-complete resolution of all lesions except for mild tracer uptake in the L3 vertebra.
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2.22.1. CT
The classical presentation is homogeneous ring-enhancing
lesions with irregular walls of varying thickness. One-third of
patients demonstrate the ‘target sign’ (i.e., central calciﬁcation or
punctate enhancement with surrounding hypoattenuation and
ring enhancement).45
2.22.2. MRI
Appearances on MRI depend on whether the tuberculoma is
caseating or non-caseating. Non-caseating tuberculomas are
hypointense on T1-weighted and hyperintense on T2-weightedFigure 7. An 18F-FDG-avid lesion is noted in the lateral aspect of the medial condyle
of the left femur, which is a rare involvement in TB osteomyelitis.
Please cite this article in press as: Gambhir S, et al. Imaging in extrap
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granulomas are isointense to hypointense on both T1- and T2-
weighted images, with peripheral post-contrast enhancement.
Caseating granuloma may show central T2 hyperintensity owing to
liquefaction. Associated TBM may be seen. In miliary TB, tiny 2- to
5-mm T2 hyperintense disc-enhancing tuberculomas are seen
with TBM. They are better visualized on MT spin echo T1-weighted
images.49 Magnetic resonance spectroscopy is promising in the
speciﬁc diagnosis of tuberculomas. A large lipid lactate peak at
1.3 ppm is characteristic, with associated reduced N-acetyl
aspartate and/or slightly increased choline levels.
18F-FDG PET–CT and MRI might be complementary to each
other in identifying the lesions (Figure 9).
2.23. Tubercular abscess
Tubercular abscess accounts for 4–7% of cases in the endemic
region. Presentation is as a large solitary lesion, which may be
multi-loculated, with surrounding vasogenic oedema and mass
effect. Such abscesses have pus-ﬁlled centres and vascular
granulation tissue, and demonstrate an absence of epithelioid
granulomatous reaction. The causative organism may be isolated
from the pus, in contrast to tuberculomas.
The lesion may show central low intensity on T1-weighted
images and peripheral low intensity due to vasogenic oedema.
Diffusion-weighted imaging reveals restricted diffusion with low
apparent diffusion coefﬁcient values. On imaging, pyogenic and
fungal abscesses may mimic tuberculous abscess. Tuberculous
abscess shows a large lipid lactate peak at 1.3 ppm on magnetic
resonance spectroscopy owing to the presence of mycolic acid
within the mycobacterial walls, which represents a distinguishing
feature from pyogenic abscess.50ulmonary tuberculosis. Int J Infect Dis (2017), http://dx.doi.org/
Figure 8. Prior to treatment, 18F-FDG-avid lesions are noted in both lungs and the left iliac bone adjoining the sacrum (top row). After appropriate treatment, complete
metabolic resolution of both lesions (bottom row).
Figure 9. Case of tubercular meningitis. A solitary 18F-FDG-avid lesion was seen in the right anterior cerebellum (B), which was missed on MRI (A), demonstrating that these
modalities may be complementary in identifying brain lesions.
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Rhomboencephalitis is a particular form of neurotuberculosis
affecting the hind brain. The most common manifestation is
tuberculoma.
2.25. Encephalopathy
Encephalopathy in the context of TB is most commonly
observed in children and infants with pulmonary TB. ThePlease cite this article in press as: Gambhir S, et al. Imaging in extrap
10.1016/j.ijid.2016.11.003postulated mechanism is a delayed type IV hypersensitivity
reaction initiated by a tuberculous protein, which leads to
extensive damage of the white matter with infrequent perivascular
demyelination. Imaging shows extensive unilateral or bilateral
brain oedema.51
2.26. Spinal and meningeal involvement
Spinal TB (Figure 10) commonly manifests as TBM and rarely as
intramedullary tuberculoma. MRI is the modality of choice for theulmonary tuberculosis. Int J Infect Dis (2017), http://dx.doi.org/
Figure 10. 18F-FDG-avid lesion noted along the entire spinal canal prior to treatment (bottom row). The lesion has entirely disappeared following treatment (top row).
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exudates along the spinal cord in the subarachnoid spaces and
clumping of cauda equina nerve roots.34
2.27. Tubercular otomastoiditis
Tubercular otomastoiditis, which occurs acutely secondary to
TB infection, is more frequently observed in immunocompromised
patients. It may present with painless chronic otorrhoea with an
intact tympanic membrane, or as pain, purulent discharge, and
ossicular erosion. There may be associated cervical lymph node
involvement in the interparotid, upper cervical, and pre-auricular
regions. Pachymeningeal involvement with potential dural sinus
thrombosis is also sometimes seen.
2.28. Tubercular mastitis
Tubercular mastitis is a rare occurrence, although the incidence
has been rising (0.1–3%) in endemic areas like Africa and India.52
The ﬁrst case was reported in 1829 by Sir Ashley Cooper, who
referred to it as ‘‘scrofulous swelling of the bosom’’.53 The
signiﬁcance of breast TB lies in the fact that it masquerades the
symptoms of breast cancer and inﬂammatory disease of the breast.
It may present in nodular form or as multifocal disease.53
Radiological imaging is not diagnostic, as there is signiﬁcant
overlap with other pathologies. Breast ultrasonography may show
a hypoechoic mass or focal or sectorial duct ectasia. Caseating
granulomas in a tissue sample are diagnostic.
2.29. Cardiac tuberculosis
Cardiac TB is a rare infection involving the cardiac muscles that
is seen in 1–2% of patients with pulmonary TB.54,55 There is
predominantly pericardial and myocardial involvement, and
endocardial spread may occur from the myocardium.Please cite this article in press as: Gambhir S, et al. Imaging in extrap
10.1016/j.ijid.2016.11.0032.29.1. Plain radiography
The radiographic appearance may be normal in the early stages,
while pericardial calciﬁcation may be evident in the later stages.
2.29.2. CT and MRI
CT may reveal pericardial effusion, thickening, or calciﬁcation in
the chronic stages. On cardiac MRI, T1-weighted images may show
a nodular lesion that appears isointense to slightly hyperintense.
On T2-weighted images the lesion appears isointense, with mild
enhancement post gadolinium.
2.30. Role of PET–CT: challenges and limitations
FDG is a non-physiological glucose analogue that undergoes
metabolism by the same physiological processes as glucose,
including being taken up by cell surface transporters (mainly the
glucose transporter-1, GLUT-1) and transformed by the rate-limiting
glycolytic enzyme, hexokinase, into FDG-6-phosphate. An interest-
ing early observation by Kubota et al. was that a substantial
component of 18F-FDG uptake in tumour tissue is a result of activity
localizing to peritumoural inﬂammatory cells, such as macrophages,
which demonstrate greater 18F-FDG uptake than tumour cells.56
Multiple mechanistic similarities are now recognized between
inﬂammatory and malignant cells in terms of the underlying
metabolic pathways.56 It is this differential increase in tissue
glycolysis in inﬂamed tissue, as opposed to normal cells, that forms
the pathophysiological basis for the use of 18F-FDG PET–CT in TB.
18F-FDG PET–CT is useful in identifying the extent of disease in
patients with EPTB. Tubercular lymphadenopathy shows high-
grade metabolism, and 18F-FDG PET–CT may therefore help in
selecting nodes suitable for biopsy based on metabolic uptake/
standardized uptake values (SUVs). Moreover, PET–CT is more
sensitive than structural imaging methods in detecting lesions.
Apart from assisting in the selection of the site for biopsy, PET–
CT may play a signiﬁcant role in monitoring the response toulmonary tuberculosis. Int J Infect Dis (2017), http://dx.doi.org/
Figure 11. Dual time-point imaging of the patient at 1 h ((A)–(D)) and 3 h ((E)–(H)), showing a substantial increase in lesion contrast.
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that it may be considered a speciﬁc complementary tool to
structural imaging for this purpose.57 The reﬁning of imaging
techniques like dual time-point imaging may further improve the
detection of disease60,61 (Figure 11).
Repeat biopsy in bone TB is not advised, and in this context
metabolic uptake on 18F-FDG PET–CT may be taken into
consideration. Indeed, 18F-FDG PET–CT represents an ideal non-
invasive modality for the assessment of the response to treatment
and disease activity. In patients with increased metabolic uptake
on treatment, this most likely suggests disease progression or an
increased disease burden. In such cases, the patient might beneﬁt
from a prolongation of treatment duration/change of drug regime,
thus individualizing the treatment protocol.57–59
2.31. TB associated with HIV infection
The immunocompromised status associated with HIV infection
reduces the threshold for reactivation of dormant diseases such as
TB. In such patients, the treatment of TB goes hand in hand with
HIV treatment and can be similarly followed up with serial PET–CT
scans. However, frequent monitoring is essential in these cases, as
faster conversion of bacteria into resistant forms is often seen.60
With the increase in XDR and MDR-TB and HIV infection, an
individualized therapeutic approach is gaining greater importance
in this chronic inﬂammatory disease, which requires a sensitive
diagnostic method for the assessment of not only treatment
efﬁcacy, but also initial disease spread, as well as for guidance of
biopsy when equivocal ﬁndings are observed.
Patients with HIV and TB are prone to developing certain
concomitant malignant lesions. As mentioned previously, the
major limitation of PET in this context is that it cannot adequately
differentiate the aetiology of various lesions/lymph nodes.
3. Conclusions
Radiological investigations continue to play an important role
in the evaluation of various manifestations, sites of infection, andPlease cite this article in press as: Gambhir S, et al. Imaging in extrap
10.1016/j.ijid.2016.11.003disease burden in patients with TB, especially EPTB, bearing in
mind that TB can mimic a number of other disease entities.
The authors understand that biopsy and culture studies remain
the gold standard for diagnosing TB. FDG PET–CT provides a visual
metabolic map, complementary to conventional imaging techni-
ques. Also, whole-body PET–CT imaging may shorten the time
period involved in assessing the disease burden and may play an
important role in decision-making regarding the duration of
therapy, especially in developing countries in those with EPTB.
More precise characterization of the role of PET–CT in clinical
management decision-making awaits further studies involving
larger numbers of patients.
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